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Effect of drought stress on soybean aphid (Aphis glycines Matsumura) populations and 
Soybean mosaic virus infection  
Christopher Culkin, Vamsi Nalam, Punya Nachappa 
Department of Biology, Indiana University-Purdue University Fort Wayne, Fort Wayne, IN 46805 
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III. Results 
Fig. 1. Soybean Aphid. 
III. Results (cont.) 
Plant defense genes 
• PR1 expression was 
upregulated due to aphid 
feeding and SMV infection. 
• JAR1 was induced due to 
drought stress and aphid 
feeding. 
• Drought stress repressed 
SARK expression. 
• No trend was observed in 
NAC 3. 
 
Fig. 8. Quantification of virus titers. 
To summarize, drought stress seems to have a positive effect on both 
salicylic acid and jasmonic acid pathways, while repressing both 
SARK expression and SMV replication. 
 
 
Soybean aphid 
• Soybean aphid (Aphis glycines Matsumura) is an 
invasive pest from China [1] (Fig. 1). 
• Aphids cause yield loss in soybean due to feeding 
and as a vector for the plant viruses including  
• Soybean mosaic virus  (SMV) [2] (Fig. 2). 
Drought stress 
• In the U.S., the worst drought conditions in more than 
50 years have ravaged major crops including 
soybean [3].  
• Drought stress also increases crop vulnerability to 
insect pests [4,5]. 
Objectives 
• To determine the effects of drought stress on soybean 
aphid populations and SMV infection. 
• To investigate plant molecular mechanisms 
underlying the interaction between drought stress, 
soybean aphid and SMV. 
 
• Plants at the trifoliate leaf-stage (3 weeks-old) were subjected to varying 
levels of drought stress (Fig. 3). 
• The experimental design was 4 x 2 factorial with four water treatments (25, 
50, 75 (control) and 100% Field Capacity (FC)) with non-viruliferous and 
viruliferous aphids. 
• Healthy plants served as the control group. 
Plant and soil water content 
• Field Capacity was positively correlated with plant water content 
healthy and aphid-infested plants. 
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Aphid populations 
• Non-viruliferous aphid populations were highest on plants subjected to 
75% FC (ANOVA, P<0.001; Figure 5A). 
• There was no significant difference in viruliferous aphid populations 
(P=0.12; Fig. 5B).  
• Uninfected aphid numbers were significantly higher than viruliferous 
aphid numbers (P=0.02). 
 
Artificial feeding assays 
• Artificial assays were performed via 
Nalam et al [6]. 
• Aphid populations were highest on 
artificial diets (P<0.001) (Fig. 6). 
• Phloem exudates from plants subjected 
to 75% FC had significantly larger aphid 
populations. 
Figure 3. Experimental workflow.  
A B 
Figure 4. Relationship between  FC in soil and water content in A) 
healthy or control plants and B) aphid-infested plants.  
Figure 6. Soybean aphid 
populations on day 5. 
Figure 5. Effect of drought stress on A) non-virliferous  aphids and B) 
viruliferous aphid populations on soybean.  
Figure 7. Plant defense genes. Absolute quantification of SMV 
• Titers of SMV-coat protein 
was determined via absolute 
quantification (Data not 
shown). 
• Viral replication was 
significantly reduced in 
drought stressed plants 
compared to control and 
saturated plants (Fig. 8). 
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Fig. 2. SMV infected 
plant. 
